Abstract
Malunion is a recognized cause of suboptimal function after distal radius fracture. The objective findings and subjective complaints of a symptomatic malunion have come to be better appreciated as patients of all ages have demanded high levels of function after this common injury. Furthermore, advances in the understanding of the biomechanics of the hand-wristforearm unit have led to improvements in surgical techniques for restoring the normal anatomic relationships, resulting in better function for patients with a malunion.
Anatomy
The distal radius includes the radial metaphysis, with its thin dorsal cortex and the rich trabecular network supporting the radiocarpal and distal radioulnar articular surfaces. This highly specialized "platform" permits execution of the complex motions demanded by a vast array of activities.
The distal articular surface of the radius is contoured and spatially oriented to direct the motions of the carpal bones. The articular margin of the distal radius is the point of attachment for the radioscaphocapitate, radiolunotriquetral, radioscapholunate, and dorsal radiotriquetral ligaments, which provide stability to and guide force transmission about the radiocarpal articulation.
An equally important articulation, the distal radioulnar joint (DRUJ), is composed of the sigmoid notch, or fossa, of the radius and the ulnar head. The portion of the ulnar head that articulates with the sigmoid notch is called the ulnar "seat"; the portion under the triangular fibrocartilage is considered the ulnar "pole." The relationship of the concave sigmoid notch, with its larger radius of curvature, and the smaller ulnar seat permits a unique combination of rotation and translation. 1 However, the area of articular contact is relatively small and has little inherent stability imparted by the osseous structure.
Motion at the DRUJ is controlled by stabilizing soft tissues about the distal ulna, including the volar and dorsal radioulnar ligaments, the articular disk of the triangular fibrocartilage complex (TFCC), the DRUJ capsule, the extensor sheaths of the fifth and sixth compartments, and the pronator quadratus. The radiocarpal unit translates dorsally and distally about the stable ulna in supination, delivering the ulnar head volarward. In pronation, the radiocarpal unit translates volarly and proximally, delivering the ulnar seat dorsally.
Radiographic Evaluation
Five familiar measurements can be used to evaluate the distal end of the radius: radial inclination, radial length, ulnar variance, radial tilt, and radial shift.
On a posteroanterior (PA) radiograph, the inclination of the radial platform is the angle between a line drawn from the tip of the radial styloid to the most distal ulnar aspect of the lunate facet and a line perpendicular to the longitudinal axis of the radius (Fig. 1, A) . The average radial inclination is 22 degrees. 2 Radial length is measured on a PA film by determining the longitudinal difference between a line perpendicular to the long axis of the radius drawn at the radial styloid and another line tangential to the distal articular surface of the ulna (Fig. 1, B) . 2 With this method, the normal radial length is approximately 11 mm. I do not favor this method, as it does not truly assess the DRUJ, where length inequity has its greatest impact. Instead, I prefer to record ulnar variance (Hulten's variance), or radioulnar length. 3, 4 Both methods reflect the relationship of the articular surfaces of the radius and ulna at the DRUJ, and both are useful because they take into account the anatomic and mechanical impact a fracture with medial fragment displacement may have on wrist and forearm function. A PA view of the normal wrist should also be taken, because there can be differences in the distal radioulnar relationship among individuals.
Ulnar variance, or radioulnar length, can be calculated in a variety of ways, all of which yield similar results. 3 This variable is determined by drawing a line perpendicular to the long axis of the radius at the sig- Fig. 1 Calculation of radiographic measurements of the distal radius. A, On a PA radiograph, the radial inclination (RI) is the angle subtended by a perpendicular to the long axis of the radius and a line reflecting the articular surface of the radius. B, On a PA film, the radial length (RL) is the distance between tangents drawn at the radial styloid and the ulnar pole, perpendicular to their shaft axes. C, The ulnar variance, or radioulnar length, also measured on a PA film, reflects the axial relationship between the ulnar pole and the ulnarmost aspect of the distal radius. In the drawing on the left, the radioulnar length is neutral. The drawing on the right demonstrates a prominent ulna at the DRUJ. D, On a lateral radiograph, the radial tilt (RT) is the angle between the articular surface and a line perpendicular to the radial shaft. E, On a PA film, the radial shift (RS), or radial width, is a comparison measurement made between the malunited radius and the noninjured radius. It is the distance between parallel lines drawn tangent to the radial styloid and the long axis of the radius. moid notch and then measuring how much of the ulnar head is distal to that line ( Fig. 1, C) . Ulnar variance has important prognostic implications. Aro and Koivunen 4 classified three types of radioulnar relationships at the DRUJ after distal radius fractures. Axial shortening of the radius by less than 3 mm, designated grade 0, was considered acceptable. Grade 1 included fractures with 3 to 5 mm of shortening. A fracture with more than 5 mm of radial shortening at the DRUJ was termed grade 2. Good or excellent functional results occurred in 96% of their patients with a grade 0 radioulnar relationship. Functional impairment was reported in the other two groups, which correlated directly with the length disparity. When dorsal or radial malalignment or displacement of the distal articular surface of the radius was combined with radial shortening, the result was an even greater decrement in clinical outcome.
The radial tilt is measured on a lateral film (Fig. 1, D) . The normal palmarward orientation of the articular surface, or platform, is measured by comparing a line drawn through the volar and dorsal margins of the distal radius with the long axis of the radial shaft. The normal radial tilt is approximately 11 degrees. Mann et al 5 have shown that dorsal tilting is not found in the noninjured adult wrist, and that women generally have slightly more palmar tilt than men.
The radial shift, or radial width, 6 is the distance between the longitudinal axis of the radius and a line drawn tangential to the radial styloid. This measurement reflects the shortening and radial collapse often seen in comminuted distal radius fractures and is related to radial inclination, radial length, and ulnar variance. In preoperative planning, the radial shift of the malunion is compared with the relationship in the noninjured contralateral wrist (Fig. 1, E) .
When evaluating posttraumatic radial deformity, it is also important to assess fracture location and adequacy of reduction, particularly intra-articular displacement at the radiocarpal joint, 7 the sigmoid fossa, and the ulnar head.
Biomechanics
Changes in the osseous architecture affect the mechanics of the radiocarpal joint, the DRUJ, and the forearm axis. For example, dorsal tilting of the radial platform shifts axial loading through the wrist dorsally and ulnarly and decreases the joint contact area. 8 Dorsal tilting may also produce a carpal collapse pattern similar to that seen in dorsal intercalated segment instability (DISI) but without interosseous ligament disruption 9 or secondary midcarpal instability 10 (Fig. 2) .
The relationship between radial malunion and kinematic alteration at the DRUJ and anatomic distortion of the TFCC has been studied by Adams, 11 who observed that the greatest change in kinematics at the DRUJ accompanies radial shortening. Loss of radial inclination and dorsal tilting of the platform in the sagittal plane had a moderate effect. Dorsal displacement of the distal fragment caused little change. Radial shortening created the greatest strain in the articular disk and in the volar and dorsal radioulnar ligaments of the TFCC. Furthermore, he observed that deformity of the radius alone in the presence of an intact TFCC did not permit dislocation of the DRUJ. 
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Clinical Presentation
The symptom complex that frequently accompanies radial malunion includes pain, motion loss, and weakness. The location of the pain can be variable and multifocal. Causes of pain include generalized synovitis, osteocartilaginous damage due to the initial injury or resulting from altered mechanics or ulnocarpal abutment, a TFCC tear, and arthrosis at the wrist joint or the DRUJ. It is important to differentiate mechanical pain from dystrophic symptoms. Localizing symptoms to the radial side or the ulnar side of the wrist has an impact on treatment, particularly with respect to surgical management of the distal ulna. Although decreased motion can be observed in any plane of wrist motion or forearm rotation, radiocarpal flexion is typically diminished due to dorsal angulation of the distal radius. Supination loss is a predictable complaint and clinical finding; pronation is usually diminished to a lesser extent. The combination of altered mechanics and pain results in decreased grip strength. Recording of wrist and forearm motion in all planes and grip-strength measurements is important.
Preoperative Considerations Indications
Not all malunited distal radius fractures require surgical treatment. The decision to proceed with a radial osteotomy or an ulnar osteoplasty, or both, should be based on a combination of factors, including the location and intensity of pain, the functional impact of motion loss and decreased grip strength, and the radiologic findings. Of these factors, clinical symptoms and functional losses are most important.
Fernandez 12 observed a pathologic displacement of the flexionextension arc with a change in radial tilt greater than 25 degrees. He also found that less severe deformities (10 to 15 degrees of dorsal tilting from normal) may result in midcarpal instability in patients with preexisting wrist laxity. Fourrier et al 13 concluded from their study of 64 radial malunions that symptoms and functional impairment resulted from a loss of sagittal tilt of 10 to 20 degrees and that a 20-to 30-degree loss of radial inclination had a severe effect on function.
Laboratory studies support the concept that malunion impairs function and may be an accelerator of arthrosis. 8, 11, 14 Dorsal tilt in the range of 20 to 30 degrees alters the forces on the radial articular cartilage and thus may cause degenerative change. 8, 14 On the basis of laboratory studies and clinical surveys, Graham and Hastings 15 suggested four radiographic criteria for assessing healing of a distal radius fracture. These criteria focus on the position of the radial platform, the status of the DRUJ, and the congruity of the articular surface at the radiocarpal joint (Table 1) .
However, these criteria are not absolute. Individual variations in "normal" anatomy and the clinical impact of the malunion must be taken into consideration. The greatest variability appears to be in the patient's response to a change in radial tilt. Many patients will tolerate a dorsal tilt in the range of 10 to 15 degrees (approximately 25 degrees of deviation from normal); patients with dorsal tilting in excess of 20 degrees have a greater risk of developing symptoms. Predictably, shortening of the radius, with the accompanying disturbance at the radiocarpal and radioulnar joints, seems to have the most direct correlation with development and intensity of symptoms.
There are no well-established criteria for articular incongruity at the DRUJ. There is relatively little articular contact between the ulnar seat and the sigmoid fossa; maximum contact at neutral rotation is about 60%, and contact is as little as 10% at the extremes of pronosupination. It is conceivable that intra-articular malunion could be tolerated. However, personal experience indicates that step-offs of 1 to 2 mm at the DRUJ can cause symptoms.
Graham and Hastings 15 described four clinical groups based on the above-mentioned radio- (Table 2) . Procedures selected on the basis of these guidelines resulted in improvements in wrist motion, pronosupination, and grip strength. In groups I, II, and III, the DRUJ was salvaged. Reconstruction of the DRUJ with or without realignment of the radial platform with respect to the radiocarpal joint uniformly resulted in subjective improvement and enhancement of wrist and forearm function. Patients who underwent DRUJ ablation had a higher complication rate due to instability and radioulnar impingement. However, group IV patients also demonstrated the greatest improvement in grip strength, with elimination of painful ulnocarpal abutment or DRUJ arthrosis. These findings indicate that restoration of DRUJ alignment is technically feasible and is clinically indicated even when the primary pain seems to emanate from the DRUJ. Distal ulnar ablation should be reserved for arthritic joints and incongruous joints that cannot be realigned.
Although complaints about a prominent ulna are frequent in patients with a malunion, cosmetic improvement alone is not an indication for surgical intervention. Preoperative discussions should emphasize that the goals are pain relief and anatomic restoration.
A "gray area" in clinical decision making is the situation in which a young patient (aged less than 40 years) has a radial malunion that is considered unacceptable on the basis of radiographic criteria yet is only minimally symptomatic. The natural history of long-standing radial malunion is unknown, and the results of biomechanical studies are only suggestive of an increased risk of arthrosis. Anatomic derangement, motion, pain, and the desired level of activity must be the key determining factors. Operative treatment of asymptomatic patients and those with minor impairment is seldom appropriate.
The degree of functional improvement varies. In the series of Graham and Hastings, 15 wrist flexion improved to a slightly greater degree than wrist extension. Supination was the most improved; however, pronation also increased. In all groups, grip strength improved to approximately two thirds of that on the contralateral side.
Timing of Distal Radial Osteotomy
The optimal timing for osteotomy continues to be debated. Postponing the osteotomy until fracture consolidation, recovery of motion, and reversal of osteopenia have occurred is appealing; however, in cases of severe deformity, impaired function, and pain, earlier intervention may be indicated. An early, or "nascent," distal radial osteotomy can be performed in the first 4 to 8 weeks after fracture. If a fracture originally treated by closed methods shows increasing collapse, takedown of the callus and anatomic reconstruction with a bone graft and internal fixation will reduce the rehabilitation time. There is also a potential benefit to rebalancing the soft tissues and preventing contracture.
Jupiter and Ring 16 compared the results of early and late reconstruction of the malunited distal radius. (Early reconstruction was defined as that performed an average of 8 weeks after injury; late osteotomies were performed on average at 40 weeks.) The results were comparable and slightly favored early reconstruction. These investigators concluded that the osteotomy was technically easier and the overall period of disability was shorter with early correction.
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Contraindications
If the radiocarpal or intercarpal joints exhibit advanced degenerative arthrosis, a radial osteotomy will provide little symptomatic relief. The quality of the bone stock is important; severe osteoporosis is a relative contraindication, but advanced age alone is not. If nonmechanical symptoms or sympathetically mediated pain dominates the presentation, the operation should be postponed.
Preoperative Planning
The success of radial osteotomy is dependent on judicious patient selection, meticulous preoperative planning, and careful surgical execution. At a minimum, a full set of radiographs of the injured and the contralateral, noninjured wrist should be obtained. These studies are usually adequate for the necessary calculations and template preparation. 17, 18 Computed tomography is helpful in assessing the articular surfaces. In patients with complex intra-articular involvement, preoperative wrist arthroscopy may be useful.
More sophisticated methods of planning, including trigonometric calculations, have emerged. Nomograms have been developed to facilitate prediction of the size and shape of the graft that is required for the correction. 19 Computergenerated models have also been developed to assist the surgeon in cases of complex deformity. 20 A thorough understanding of the steps of the operation (Fig. 3) will facilitate intraoperative preparation. The possible need for provisional external fixation, 21 lamina spreaders, power equipment, fluoroscopy, and variable fixation devices should be anticipated.
Surgical Techniques Extra-articular Radial Malunion
Most radial malunions present with shortening, loss of radial inclination, and dorsal tilting of the radius. The goal of reconstruction is to restore the alignment of the radiocarpal joint and the DRUJ by performing an osteotomy through the site of the original fracture and supporting the distal fragment with a corticocancellous bone graft and internal fixation. My preferred
Steps in performance of a distal radial osteotomy. A, The location of the incision is marked. B, Position of guide pins. Pin A is an intra-articular or juxta-articular pin used to judge the orientation of the radial articular surface. Pin B diverges from being parallel to pin A in an angle that will eventually be the amount of correction yielded by the osteotomy (hatched line represents level of osteotomy); it is placed at the eventual site of the middle hole of the plate and can be used to secure the intraoperative external fixator. Pin C is an optional pin that can be used to judge the recovery of radial inclination; it diverges from being parallel to the joint in the angle of eventual correction. Pin D is placed dorsally perpendicular to the axis of the radius and will be parallel to pin B when the correction is complete; it can be a half-pin used to erect the intraoperative external fixator. Pin E is the companion pin to pin C if correction of inclination is to be monitored; it is perpendicular to the axis of the radius in the radial-to-ulnar direction. A second external fixator based on pins C and E can be used, but I prefer to simply place smooth wires in these positions to diminish the hole size. C, The geometry of the radius has been restored through the osteotomy site, and an external fixator maintains the correction held by the lamina spreaders. Note that all pin pairs (i.e., B and D, C and E) are parallel after correction. D, Harvest of the bicortical graft from the iliac crest. The graft is usually taken from the superior crest and the outer surgical approach to reconstruction of a typical radial malunion is summarized in Figure 3 . A dorsally angulated malunion is exposed by a longitudinal or slightly curved dorsal incision extending from the midcarpal level to the radial metadiaphysis (Figs. 3, A; 4, A) . Skin flaps are raised by dissecting the areolar suprafascial plane. The third dorsal compartment is then incised. The extensor pollicis longus is retracted radially and left transposed at the end of the procedure.
Subperiosteal dissection of the second and fourth dorsal compartments is performed to fully expose the malunited radius. A smooth wire is inserted into the radiocarpal joint or parallel to it just proximal to the subchondral bone (Fig. 3, B) . This wire is the locator for the joint and will be a guide to appropriate positioning of the distal fragment after osteotomy.
I remove the prominence of Lister's tubercle, find the center of what will become the distal fragment, and then place a partially threaded Schanz pin that will be used for intraoperative construction of a small external fixator. The pin has a thread diameter of 2.0 or 3.0 mm. The hole created by the pin will become the central screw hole for the fixation plate. The pin is placed such that the angle between the partially threaded pin and the smooth wire is the angle needed to correct the volar tilt.
A second partially threaded pin is placed perpendicular to the long axis of the radius in a proximal location. This pin has a dual purpose; it will be the proximal anchor for the intraoperative fixator and will also be the standard by which the distal fragment orientation will be judged for sagittal correction. When the correct volar tilt is gained (as predetermined from the contralateral radius), the proximal and distal pins should be parallel; thus, the fixator and the radius make a perfect quadrilateral (Fig. 3,  C) . Fluoroscopy is helpful for intraoperative confirmation of pin placements and alignment correction.
Smooth 0.045-inch wires can also be inserted from the lateral aspect of the radius to guide the correction of radial inclination, if desired (Fig. 3, A) . The proximal pin is placed 90 degrees to the long axis of the radius. The distal pin is placed at an angle divergent from the articular surface such that it will be parallel to the proximal pin when the desired angle of correction is achieved.
The osteotomy is carried out with an oscillating saw or osteotomes and must be proximal to the sigmoid notch of the radius. The usual level of the osteotomy is about 2.5 cm proximal to the radiocarpal joint, near the proximal base of Lister's tubercle, which is typically at the level of the fracture deformity. I tend to make the osteotomy perpendicular to the long axis of the radius in the PA plane, rather than parallel to the joint, although the latter is perfectly acceptable and creates less volar displacement of the distal fragment. Among the reasons for my preference is that it establishes a relatively flat proximal base for the corticocancellous graft, creates a less severe slope from radial to ulnar at the distal edge of the graft, and provides more bone about the radial styloid for potential fixation.
In the sagittal plane, I typically create the osteotomy parallel to the malunited joint. It must be recalled that the spatial relationships about the articular surface have been changed; articular penetration by the saw or osteotome must be avoided.
Limited volar release of the pronator quadratus can be performed through the osteotomy site to better mobilize the distal fragment. Use of small lamina spreaders will facilitate positioning of the distal fragment and will stabilize the relationship if an external fixator is applied (Figs. 3, C; 4, B) . The void created by positioning the distal fragment in the desired orientation is the best guide to the amount of bone that will have to be harvested from the iliac crest, although the dimensions should be close to the calculations performed in preoperative planning.
Before deciding on the final graft dimensions, the provisionally stabilized construct is taken through the range of motion. The wrist flexion-extension arc should be improved. I have not found it necessary to perform a limited dorsal radiocarpal capsulotomy, but it can be considered. A provisional check of pronosupination will dictate whether adjunctive DRUJ capsulectomy will be necessary, depending on the degree of residual pronation or supination contracture.
At this point, the alignment should be checked with fluoroscopy or radiography. A trapezoidal bicortical graft, taken from the outer table of the ilium, is placed such that its cortical margins are on the dorsoradial aspect of the radius (Figs. 3, D; 4, C) . Only infrequently is the ilium thin enough to yield a tricortical graft that can be intercalated in the void. It is the superior aspect of the iliac wing that will become the radial aspect of the graft, with the cortical bone from the inner or outer table forming the dorsal strut of the graft. Therefore, the superior portion of the iliac wing should be inspected to determine whether the osseous architecture of the inner or, more commonly, the outer table better suits the patient's anatomy.
The goal is an intercalated graft well stabilized between the radial fragments. Placing it in the void while the construct is slightly overdistracted by the fixator and lamina spreaders and then carefully releasing the distraction is advised (Fig. 4, D) . Fixation of the graft can be done by any of several methods (Fig. 3, E) . I prefer plate fixation with an oblique T plate (Fig. 5 ), but I have used minicondylar blade plates in patients with thin radii (Fig. 6) . Kirschner wires can also be used to fix the graft in place.
Two other alternatives for performing an osteotomy of the dorsally tilted radial platform have been described. The first is the trapezoidal osteotomy, wherein a bone graft of specific proportion is taken from the malunited dorsal radius itself (Fig. 7) . 22 After radial osteotomy through the level of deformity, the corticocancellous trapezoidal graft is rotated into the void for support of the distal fragment. This procedure observes the basic principles already described but has the theoretical advantage that pelvic donor-site morbidity is avoided. It should be reserved for the patient with a wide radius in the radioulnar dimension and the patient with a strong aversion to iliac-crest harvest or some contraindication, such as prior harvests.
The second alternative is a closingwedge osteotomy of the distal radius. 23 Radial platform correction may be effected with this technique, but it requires both resection 5 PA (A) and lateral (B) views of the wrist of a patient with a dorsally tilted, shortened radial articular surface. C and D, Reconstruction with an opening-wedge osteotomy and fixation with an oblique T plate restored near-anatomic relationships at the radiocarpal joint and the DRUJ. Care must be exercised to avoid intra-articular penetration with the screws in the distal fragment.
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of a large portion of the radial metaphysis and sacrifice of the DRUJ. There is little role for this reconstruction, as more desirable alternatives exist, except perhaps for very low-demand patients with poor bone stock. If the radial platform demonstrates excessive volar tilt in the sagittal plane, the approach taken is opposite to that for dorsal tilt. Exposure can be performed through the distal aspect of Henry's flexor carpi radialis-radial artery interval for a straightforward malunion or through a more generous approach in which the carpal canal is released and the skin is incised on the ulnar side of the volar aspect of the forearm. The latter approach is reserved for patients with severe deformity, those with medial-side intra-articular malunion of the radius, and those with concomitant median or ulnar neuropathy. The radius is then exposed by entering the interval between the ulnar neurovascular bundle and the flexor digitorum profundus tendons. The pronator quadratus is elevated from the lateral side of the radius in either exposure.
An opening-wedge osteotomy from the volar aspect should accomplish the correction. A precontoured T plate can be used to fix the distal fragment and intercalary graft and thereby restore the integrity of the volar radius (Fig. 8) . Typically, there is minimal shortening in volar malunions, and anatomic correction will require only an osteotomy and plate stabilization, with a minimum of grafting. If surgery is required on the ulnar side, the options for exposure of the ulna include additional deep dissection through the same dorsal approach used to perform the osteotomy and/or additional incision from the volar side or the subcutaneous border.
Intra-articular Malunion
Correction of an intra-articular malunion is more challenging than reconstruction of an extra-articular malunion. Many patients have both an intra-articular and an extraarticular malunion of the distal radius. Cross-sectional imaging is generally necessary to characterize the location and extent of deformity. Wrist arthroscopy may have a role in preoperative and intraoperative assessment.
Saffar described alternatives for the surgical management of intraarticular malunions based on the location of the incongruity. 24 His recommendations are summarized in Table 3 .
Saffar does not propose radioscaphoid fusion and radioscapholunate fusion as alternatives for treatment of some intra-articular malunions, but these procedures should be considered. There are as yet no outcome studies that establish the efficacy of intra-articular corrective osteotomies. A long-standing intraarticular malunion is a technical challenge, and there is a high likelihood that wrist arthrodesis may eventually be required. If the malunion is intra-articular with respect to the DRUJ, an ablation procedure may be preferable to a difficult reconstruction and lengthy rehabilitation.
Surgical Handling of the Ulnar Side of the Wrist
I prefer reconstruction of the DRUJ relationship by radial osteotomy and/or ulnar osteoplasty, when possible. In some cases, nonanatomic healing of the distal radius will be noted, but the radiographic measurements of the platform will still be acceptable with the exception of the radioulnar length. In this situation, ulnar shortening may restore the DRUJ and provide pain relief as the apposing articular surfaces of the radius and ulnar are adequately reduced. Of course, the articular cartilage must be of good quality. Preoperative planning should minimize the need to perform ulnar shortening when a radial osteotomy is done, but occasionally it is needed. If the DRUJ is not reducible by radial osteotomy or if arthrosis exists on the ulnar or radial aspect of the joint, some type of ablation is indicated. However, ablation of the ulna potentially compromises the axial loading characteristics about the wrist and may result in decreased strength and stability. 25 The options for ablation of the DRUJ fall into three general categories [26] [27] [28] : (1) complete distal ulnar excision (Darrach resection and its variations), (2) partial distal ulnar excision (e.g., Bowers' hemiresection interposition technique, Watson's matched resection), and (3) distal radioulnar arthrodesis with creation of a proximal ulnar pseudarthrosis (Sauvé-Kapandji procedure).
The decision to do an ulnar-side procedure often comes after reconstruction of the radius. In most cases, a well-planned and wellexecuted radial osteotomy will restore the DRUJ and lead to recovery of forearm rotation, obviating the need for surgery on the ulnar side. I believe there is little difference in outcome between the various types of ulnar resections performed in conjunction with radial osteotomy, provided one adheres to recommended indications and techniques. Excessive distal ulnar excision without stabilization, performance of the hemiresection interposition technique when there is an incompetent TFCC, or ulnar surgery when there is global forearm-axis instability (e.g., after an Essex-LoPresti injury) can lead to suboptimal results. If the situation calls for DRUJ ablation, the Darrach resection or the hemiresection interposition technique is generally effective.
Postoperative Care and Rehabilitation
A sugar-tong splint is applied at the conclusion of the operation, which is changed to a short-arm cast 10 to 14 days later. A removable orthosis is substituted at 4 to 6 weeks, and gentle wrist motion and forearm rotation are begun.
When tenderness at the fracture site diminishes or when definitive signs of healing are identified radiographically, the orthosis is discontinued. A systematic, but not overly rigorous, regimen of rehabilitation is used to restore motion and strength. A concentrated effort is made to restore forearm rotation, especially supination.
Complications and Salvage Procedures
Complications after distal radial osteotomy include failure to achieve the desired alignment, nerve damage, nonunion at the osteotomy site, and instability about the ulnar stump after resection. One particular complication is limitation of pronosupination due to DRUJ capsular contracture. In a subset of patients, the radial platform and the DRUJ are anatomically realigned by radial osteotomy, but forearm rotation The DRUJ capsule, a structure distinct from the TFCC, is particularly suited for its role in accommodating the ulnar seat during forearm rotation. 29 Its volar and dorsal components, continuous with the stout proximal portion of the capsule, are thin and capacious, allowing motion at the DRUJ. In the pathologic state, the capsule loses its compliant nature and becomes thick and scarred. This contracture alone has been shown to limit DRUJ motion. A DRUJ capsulectomy is an effective way to restore pronosupination. The TFCC must be preserved when excising the capsule.
Due to the nature of DRUJ relationships during rotation, volar capsulectomy restores supination, and dorsal capsulectomy restores pronation; a combination is sometimes necessary. Volar capsulectomy is performed through the interval between the flexor carpi ulnaris and the ulnar neurovascular bundle and then performing an excision of the scarred capsule, protecting the volar radioulnar ligament. Dorsal capsulectomy is similarly performed; the fifth dorsal compartment is incised, and the extensor digiti minimi is transposed to allow access directly to the capsule. This operation can be combined with radial osteotomy when intraoperative limitation of pronosupination is noted after successful anatomic correction.
For severe or long-standing deformities, additional procedures may be necessary. Release of the pronator quadratus may be necessary to achieve optimal improvement. Staged lengthening by distraction methods can be used in the treatment of distal radial malunions resulting from trauma in an adult patient or due to growth arrest in the distal radial physis. 30 This is technically difficult to plan and execute but is one of the few motion-sparing procedures available for the treatment of some severe deformities.
Some salvage procedures were previously mentioned in the section on intra-articular malunions (Table 3) . Complete fusion of the wrist is the ultimate salvage for global deformity or arthritis. Partial fusions (radioscaphoid or radioscapholunate) may have a role in relieving pain and providing stability. The patient must accept a decrease in motion or even elimination of motion as the tradeoff for pain relief and stability. A distal ulnar resection can be considered if only the ulnar column is problematic. However, persistent instability of the radiocarpal unit about the distal ulnar stump may necessitate further surgery.
Summary
The planning and execution of surgical reconstruction of a malunited distal radius fracture present a clinical and technical challenge. The surgeon should establish his or her own personal criteria for acceptable healing and function based on available data and clinical experience, bearing in mind that not all radiographic malunions are symptomatic. Surgical handling of the distal ulna requires an understanding of the anatomy and mechanics of the DRUJ, as well as flexibility in choosing whether to reconstruct or ablate the articulation. Preoperative planning is critical to ultimate success. Distal radial osteotomy is among several procedures used as salvage techniques after suboptimal healing of the original fracture; the best results follow anatomic restoration of the initial radial injury.
